Abstract In recent era prediction of enzyme class from an unknown protein is one of the challenging tasks in bioinformatics. Day to day the number of proteins is increases as result the prediction of enzyme class gives a new opportunity to bioinformatics scholars. The prime objective of this article is to implement the machine learning classification technique for feature selection and predictions also find out an appropriate classification technique for function prediction. In this article the seven different classification technique like CRT, QUEST, CHAID, C5.0, ANN (Artificial Neural Network), SVM and Bayesian has been implemented on 4368 protein data that has been extracted from UniprotKB databank and categories into six different class. The proteins data is high dimensional sequence data and contain a maximum of 48 features.To manipulate the high dimensional sequential protein data with different classification technique, the SPSS has been used as an experimental tool. Different classification techniques give different results for every model and shows that the data are imbalanced for class C4, C5 and C6. The imbalanced data affect the performance of model. In these three classes the precision and recall value is very less or negligible. The experimental results highlight that the C5.0 classification technique accuracy is more suited for protein feature classification and predictions. The C5.0 classification technique gives 95.56% accuracy and also gives high precision and recall value. Finally, we conclude that the features that is selected can be used for function prediction.
and many more [Li et al., 2016] . Several studies have been conducted to predict the function. Basically, the protein function prediction can be done by using sequence similarity, structure similarity or both. These method takes a lot of resources and computation time to predict the functions [Singh and Tripathi, 2016] .
From the last decades, it seems that the computational technique such as machine learning classification technique has been used for functional discovery and prediction of proteins that reduces the computation cost as well as human effort and increase the accuracy of function predication [Lee et al., 2008 ,Yadav and Jayaraman, 2012 ,Garg and Raghava, 2008 ,Mer and Andrade-Navarro, 2013 , Jensen et al., 2002 . [Dobson and Doig, 2005] proposed a new method for enzyme class prediction from protein and said that the overall accuracy of the proposed model is 35%. Further [Borro et al., 2006] used Bayesian classification technique and shows that the accuracy is improved and it is 45%. [Lee et al., 2008] used the machine learning approach for function prediction and used total 484 features for function prediction. In this article author used random forest technique and claimed that the accuracy is about 94.23%. Apart from these researches several other researches have been conducted for protein function prediction with the help of machine learning technique such as SVM, ANN and Decision Tree and many researches indicates that the SVM gives better results than other classification technique [Singh and Tripathi, 2016] . [Yadav et al., 2015] used the SVM for protein function predictions. [Lin et al., 2011] used SVM for finding DNA-binding sites. [Wu et al., 2008] used the random forest to predict DNA-binding with the help of DNA-binding proteins and amino acid. In this article author mentioned that the hybrid approach of features selection may give better results and improve the accuracy of model. [Amidi et al., 2016] used the SVM and Nearest Neighbor classification technique for function prediction and claimed that the accuracy has been reached to 93.4%. Most of the research has used SVM as a classification technique to predict the function but this classification technique works efficiently for non-liner high dimensional data. The nature of the protein data is non-linear and have high dimension, but in many cases, it seems that the several features value are missing and SVM did not account this one and by using only one classification technique, we cannot say that the particular classification technique is suited for classification and predictions. To cover the missing data along with all possible data, in this article we made a comparative analysis of seven different classification technique like CRT, QUEST, CHAID, C5.0, ANN, SVM and Bayesian and found that the accuracy is above of 86 for all models and C5.0 gives highest accuracy above of 86%. The C5.0 classification technique is capable to handle non-linearly high dimensional data including missing value. Finally, we can conclude that the C5.0 is more suited in such type of data sets.
This article gives a comparative analysis of seven different classification technique on 4386 number of sample data of proteins that are classified into 6 different classes. In this article, first we discuss the process of data extraction that is one of the important parts of classification and prediction, feature extraction process and performance evaluation metrics in section 2. Section 3 deals with the experimental results and analysis and finally section 4 concludes the article.
Data and Methods
In this section we have discussed data and important machine learning and statistical techniques that are implemented for protein classification.
Data collection
To predict the functional behavior of proteins from a wide range of different proteins a significant assignment.To do this, the UniProtKB (UniProtKnowledgebase) [Poux et al., 2017] has been widely used. The data of UniProtKB is classified into two categories i.e. reviewed and un-reviewed. The reviewed dataset known as Swiss-Prot and contains 557,992 proteins. TrEMBL is un-reviewed dataset and contains 120,243,849 proteins.Generally, the reviewed dataset has been used for protein function prediction, because the data are reviewed and corrected by the user forums and communities [Karp, 1998 ]. The Swiss-Prot dataset contains several organisms. In this study, we have considered only human organism and extracted the protein data of humans enzyme class for protein classification. This data set contains total 4,368 no ofsamples of six different enzyme classes such as Oxidoreductases, Transferases, Hydrolases, Lyases, Isomerases, and Ligases (shown in Table 1 ). This data set of proteins is used in experimental analysis and for finding best suitable features for function prediction. 
Feature extraction
Feature selection for protein function prediction is one of the major tasks, because every protein contains a huge amount of feature. In real world a protein has many features and some of the features having very less significance in function prediction. The prime objective of feature selection is to eliminate the less significant feature that helps in accurate prediction and classification [Caruana and Sa, 2003,Hall and Holmes, 2003] . Although, the feature that are eliminated may provide additional information that may improve the classification and prediction but adds the additional cost in classification and model may give different result. Several filter and wrapper feature selection techniques are available to extract potential feature. The wrapper techniques used machine learning technique; however, the filter technique used manual filtering process of feature selection and it is faster than wrapper. In this study we have used filter technique and select 45 potential features, which are present in all six classes of enzyme of humans protein (shown in table 1). These features are valuable in protein function prediction.
Classification of protein in enzyme class
The proteins data are classified into six enzyme class (table 1) and every protein contains a set of features. Several studies related to protein classification mentioned that some of the proteins are wrongly classified into different class which affect the accuracy of function prediction. To classify proteins, several classification techniques are available. We have used the following classification techniques for protein classification: (i) CRT, (ii) QUEST, (iii) CHAID, (iv) C5.0, (v) ANN, (vi) SVM and (vii) Bayesian.
(i) CRT: In this classification, first data are classified with the help of classification tree and the predictions are based on the regression tree [Schwartz et al., 2011] .
(ii) QUEST: It is a tree based binary classification technique. It reduces the computation time than the others tree-based classification. In this classification, the statistical test has been conducted to select an input field. It also separates the input selection and the splitting of trees [Zwartjes et al., 2016] .
(iii) CHAID: It is a tree-based model for classification and prediction of variables and also find the interaction between variables. It builds a non-binary tree by using multiple regression. The main objective of the CHAID technique is to find how one variable affect the performance of other variables [Milanović and Stamenković, 2016] .
(iv) C5.0: It is an extension of ID3 algorithm of decision tree. It produces a binary tree with multiple branch. It deals with all possible data including the missing features. It is discrete and continuous in nature [Pang and Gong, 2009] .
(v) ANN: It is basically used to estimate the performance of biological networks. In this technique the learning process is based on adjustment of weight between connection of neurons and the output of the model is depends on the activation function [Liang and Bose, 1996] .
(vi) SVM: It is one of the most influenced classification techniques based on statistical learning for classifications and prediction of data [Vapnik, 2013 ,Nizar et al., 2008 ,Haijun et al., 2007 , Samb et al., 2012 ,Tiwari and Srivastava, 2014 It deals with wide variety of classification problems including the non-linearly high dimensional problem.
(vii) Bayesian: It is a graph-based classification technique. In this technique, the node represents the set of variables and the edge between nodes represents the conditional dependency between nodes. It also used in classification of sequence data [Cheeseman et al., 1988 ,Han et al., 2011 .
Performance evaluation metrics
To estimate the performance of above mentioned seven classifiers, the following evaluation metrics: (a) Accuracy (AC), (b) Sensitivity (ST), (c) Specificity (SP), (d) F-measure and (e) MCC (Matthews correlation coefficient) are used in this research [Baldi et al., 2000 ,Matthews, 1975 , which are described as:
(1)
Where TP, FP, TN and FN represent the total numbers of true positive, false positive, true negative and false negative of proteins respectively. Precision (PR) and Recall (RC) are equivalent to sensitivity and specificity respectively.
Experimental result and analysis
In this section, our main objective of experimental analysis is to find a small set of features for function prediction. To do this, first we have extracted the humans protein data with 45 features, after that we have used above mentioned seven classification techniques for function predictions. Different classification techniques select different feature for functions predictions. To predict the functions which are plays important role in the function prediction, we have used SPSS as an experimental tool. Our experimental result show that some of the features are present in all the seven classification techniques. The list of selected features with their importance factor given in bracket for every model is shown in Table 2 . In this table ( From Table 3 one can conclude that the Active site feature have high importance is QUEST, CHAID and C5.0, Nucleotide binding having high impact in CRT and ANN. Finally, we can conclude that the Active site features plays a significance role in feature selection. In SVM all features have equal importance in classification. To find the optimal set of features that affect the classification and prediction, first we have analysed the impact of most influential features of every model and validated with the validation technique.
(i) CRT based classification To find the optimal set of features that affect the function predictions, we have used CRT classification technique. In this classification, first data are classified with the help of classification tree and the predictions are based on the regression tree. The CRT classification is implemented on total 4,368 no of proteins of six different enzyme classes with 45 different features. This classification technique classified total 27features out of 45 are predicted for function predictions. The result of the predicted functions and the performance of model on our data-set is shown in Table 4 . (ii) QUEST: It is a tree based binary classification technique. It reduces the computation time than the others tree-based classification. In this classification, the statistical test has been conducted to select an input field. It also separates the input selection and the splitting of trees. To find the optimal set of features, the QUEST has been implanted by using SPSS tool on above mentioned dataset. This classification techniques classified total 18 features for predictions. The result of the performance of this model is shown in Table 5 . iii) CHAID (Chi-square Automatic Interaction Detection) It is a tree-based model for classification and prediction of variables and also find the interaction between variables. It builds a non-binary tree by using multiple regression. The main objective of the CHAID technique is to find how one variable affect the performance of other variables. The CHAID classification is implemented on total 4,368 no of proteins of six different enzyme classes with 45 different features. This classification technique classified total 15 features out of 45 are predicted for function predictions. The result of the predicted functions and the performance of model on our data-set is shown in Table 6 . 
It is one of the most influenced classification techniques based on statistical learning for classifications and prediction of data [7, 8, 9 ]. It deals with wide variety of classification problems including the non-linearly high dimensional problem. It provides more efficient predication than others classification problem. But it requires a set of key parameters. We have implemented this technique on our data sets and we found that it takes all 45 features as an input and predict total 45 number of features for function prediction.The result of performance of the SVM is shown in Table 7 (V) C5.0 It is an extension of ID3 algorithm of decision tree. It produces a binary tree with multiple branch. It deals with all possible data including the missing features. It is discrete and continuous in nature.
In protein function predictions several data have missing some features value. This classification technique is more suited in this case. We have implemented this technique on our data set and found that it selects maximum number of features i.e. 37 in functions predictions. The performance of this model is shown in Table 8 . 
It is a graph-based classification technique. In this technique, the node represents the set of variables and the edge between nodes represents the conditional dependency between nodes. It also used in classification of sequence data. Our protein data is a sequence data, so that this technique is useful in classification and prediction of data. We have implemented this technique on our dataset and found that it selects total 45 features in classification and predict 45 number of features for function prediction. The performance of Bayes network model is shown in Table 9 .
(Vii) ANN It is basically used to estimate the performance of biological networks. In this technique the learning process is based on adjustment of weight between connection of neurons. The activity of the neural network is referred as the liner combination of set of neurons and the output of the model is It can be clearly seen that the accuracy of class 5 is 97.4358, the sensitivity of class 2 is 0.8279, the specificity of the class 4, 5, & 6 is 1, the Precision of class 3 is 0.6942, the recall is 0.8279 for class 2, the F-measures is 0.7227 for class 2 and the MCC is 0.5189 for class 3 is high as compare to other classes. If we consider the accuracy as a measure then this model works good for class 5 and class 6, because both of the classes accuracy have very less difference, but their precision and recall ration is zero. Therefore, we can say that this model is under-fitting in case of class C4, C5 and C6 and over-fitting in case of class C1, C2 and C3. If we consider class C1, C2 and C3, then it can be clearly seen that the class C1 accuracy is more than the other 2 classes, but their precision and recall value is relatively lesser than the class C2 and C3. If we consider the higher precision, recall and F-measures, then the performance of this model is good for class C2. If we consider MCC as an evaluation metrics, then class C3 is good. Finally, we can conclude that the CRT based model works efficiently for class C2. The class wise comparative analysis of performance of QUEST based model is shown in Table 12 . 
Here it can be clearly seen that the performance of the QUEST model on this data set is degraded as compare to the CRT model. Model is underfitted in case of class C1, C4, C5, and C6 and overfitted in case of class C2 and C3, because the data are imbalanced. This model works efficiently for class C5, when we consider high accuracy, in case of high sensitivity, recall or high F-measure, it works for class C2, and in case of high specificity, precision, or MCC, then model works efficiently for class C3. Finally, we can conclude that the QUEST model works efficiently on class C3 data and produce an average performance in every measure. The class wise comparative analysis of performance of CHAID based model is shown in Table 13 . In Table 13 , it can be clearly seen that the performance of CHAID is much better than the CRT and QUEST. Here, the model is underfitted in case of Class C4 and C5 an overfitted in case of other classes. The CRT and QUEST model are underfitted in case of class C4 and C5 and also here it is underfitted. If we consider high accuracy, then this model works efficiently for, class C5, when consider only sensitivity, then model fitted for class C2, in case of high specificity model works efficiently for class C6, when we consider precision, F-measures or MCC, then model works efficiently for class C3 and in case we consider only recall then it works efficiently for class C2.
Finally, we can conclude that this model works efficiently for class C3 and produce on average performance in every measure. The class wise comparative analysis of performance of C5.0 based model is shown in Table 14 . Table 14 shows that the performance of C5.0 model is much better than the CRT, QUEST and CHAID. This model classify data appropriately and produce balanced result and the accuracy in all classes in above of 90%. Similarly, if we consider the accuracy as a measure, then this model works efficiently for class C5, in case of sensitivity, it works efficiently for class C2, in case of specificity and precision, the model works efficiently for class C5 and C3 respectively. If we consider recall, F-measures or MCC, it works efficiently on class C2 data. If we consider all measures, then it works efficiently for class C2, because all measures value is above of 80%. The class wise comparative analysis of performance of ANN based model is shown in Table 15 . 
This model performs as similar to CRT and under-fitted for class C4, C5 and C6 and over-fitted for rest of the classes. As per accuracy, one can say that the model works efficiently for class C5 and produce similar specificity value for class C4, C5 and C6. If we consider high precision or recall value, it works efficiently for class C3 and C2 respectively. When we consider, F-measures or MCC as an evaluation metrics then the model works efficiently for class C3. Overall, we can say that the Neural network model works efficiently for class C3 and produce on average value for all measures above of 70%. Table 16 shows the class wise comparative analysis of performance of SVM based model. It performs almost similar to C5.0 and can say that the successor model of CRT, QUEST, CHAID and Neural. As similar to previous model, it works efficiently for class C5 when we consider accuracy as an evaluation metrics. If we consider either sensitivity or F-measures, it works efficiently for class C2. If we consider either precision, recall or MCC, it works efficiently for class C3. When we find the overall performance of this model in every measure, it works efficiently for class C3. The comparative analysis of performance of Bayesian model can see in Table 17 . As we know that the SVM can be used for non-liner high dimensional data, the C5.0 can be used for all possible data including missing value and the Bayesian is suitable for sequence data. As a result, the above discussed classification technique is more suited in case of protein data classification and prediction. But our experimental analysis highlights that the C5.0 gives highest value for all class in all models for every measures. Therefore, based on the our experimental analysis we can conclude that the C5.0 is more suited in protein classification. The above discussion has not found a way to know the exact classification technique for particular class.
To do this, we have made a comparative analysis of performance of all classification technique for all classes with respect to accuracy, precision, recall, f-measures, MCC, sensitivity and specificity. The comparative result shown in figure 1 to figure 7. Here it can be clearly seen that the accuracy for class C3, C4, C5 and C6 are very skew and have high accuracy for all model rather than the class C1, C2 and C3. The Bayesian based model give less accuracy than other models for all classes. The accuracy of C5.0 model is high for all classes.
Fig. 2: Comparative analysis of Precision for all models and classes
In figure 2 , the value at point 1 indicates the "#DIV/0!". The "#DIV/0!" indicates that the models are under-fitted in those class. Here it can be seen that the C5.0 models gives high precision value for all classes and the QUEST gives very low precision value for class C1. The high precision value indicates that the C5.0 gives a balanced result in protein classification. figure 3 , it is clearly seen that the recall value is high for class C2 and C3 with respect to other class and the C5.0 model gives high recall value for every class of data. On the other hand the CRT gives lower value for class C4, C5 and C6, Quest gives lower value for C1, C4, C5 and C6 class of data, CHAID gives lower value for C4 and C5 class of data and ANN gives lower recall value for C4, C5 and C6 class of data. The value at point 1 indicates that the "#DIV/0!" in figure 5 . The C5.0 based model gives highest MCC value for all class and the QUEST based Model gives lowest value for class C1 i e. 0. Here it can be clearly seen that the MCC value for class C2 and C3 in all models have very less variations. Finally, we can conclude that, if we have consider MCC as a evaluation metrics then C5.0 is more suited in classification rather than others. The result of the sensitivity is almost similar to the recall value. Lower the sensitivity higher the precision value. The lower sensitivity value may give a highest selection value. As similar to the other measures the C5.0 model gives high sensitivity value than others. In figure 7 , it can be clearly seen that the half of the class gives "#DIV/0!" value for all models. All these class data are under-fitted in this model. In this measure the C5.0 gives high specificity value than others and the QUEST give lower specificity value for class C1.
Finally, we can conclude that the Model C5.0 gives better results than the other measures. The highest performance value for all classes and the models are shown in Table 18 . Here it can be clearly seen that the all performance measures except Specificity gives better result, when we use C5.0 classification technique. The specificity of class C1, C2 and C3 are best in C5.0 and rest of the class specificity gives best result in CRT, QUEST, CHAID and Neural network-based model. The specificity of class C3, C4 and C5 is low in C5.0 classification model because the data of class C3, C4 and C5 are more imbalanced than C1, C2 and C3. Finally, we can say that C5.0 classification technique performs better in our dataset. To prove this, we have performed another experimental analysis that cover all data as a single data set (not in class) using SPSS tool. The result of the analysis is shown in Table 19 This table gives a brief summary of different classification technique including the prediction of total correct and wrong data, accuracy of correct and wrong data and total elapsed time that has been taken by machine to predict and produce the result. From Table 19 , one can clearly seen that the C5.0 classification technique classifies total 3778 out of 4368 sample as a correct and very less total 590 samples as wrong. The overall accuracy of C5.0 classification technique on this data set is 86.49 and also takes very less amount of computation time i.e. 2 sec. From the above discussion, it can be concluded that the C5.0 classification technique performs better than the other classification technique. So, finally, we can say that C5.0 classification technique can be use as a classification technique to classify the protein data and these 37 features (shown in Table 2 ) that are classified by C5.0 can be used for function prediction.
Conclusions
Many previous researcheshave been conducted in the field of computational biology and determine the meaningful and accurate features for protein function prediction. Here we discuss seven different type of classification techniques such as CRT, QUEST, CHAID, C5.0, ANN, SVM and BAYSEAN for protein feature classification and predictions. For classification and predictions, we have conducted an experimental analysis on 4368 numbers of sample data of proteins of human category. The experimental results highlight the properties of different classification techniques and found that class C4, C5 and C6 data are more imbalanced than the others class of data.
The imbalanced data affect the performance of classification techniques, as a result the precision and recall value of these classes data are relatively very low than others classes.The experimental result shown here suggest that the C5.0 classification technique can be used for classification and prediction of protein based on features, and the features that are classified can be used in function prediction.
